Comment
We are currently studying the molecular structures and hydrogen-bonding patterns in the crystal lattices of ferrocene-alcohol derivatives. The diol, ferrocene-l,l'-diylbis(diphenylmethanol), [Fe{(CsH4)C(Ph)EOH}2] (III~ (Ferguson, Gallagher, Glidewell & Zakaria, 1993a) , crystallizes with the asymmetric unit comprising two independent half molecules lying on crystallographic twofold axes; these molecules form dimeric aggregates held together by a hydrogen-bonded motif with graph set R:~ (8) (Etter, MacDonald & Bemstein, 1990) , in which the hydroxyl H atoms are all disordered equally over two sites.
The monoalcohols 1,1'-bis(ferrocenyl)-2,2'-dimethylpropan-l-ol, [(CsHs)Fe(CsH4)]EC(CMea)OH (Sharma, Cervantes-Lee & Pannell, 1992) , and ferrocenyl(diphenyl)methanol, [(CsHs)Fe(CsH4)]CPhEOH (IV) (Ferguson, Gallagher, Glidewell & Zakaria, 1993) , crystallize as hydrogen-bonded dimeric aggregates with a hydrogenbonded motif characterized by the graph set R~(4). However, in racemic 1-ferrocenyl-l-phenylethanol, [(CsHs)-Fe(CsH4)]CPhMeOH (V), where the steric demands about the central C atom are considerably less, there is no O--H...O hydrogen bonding in the crystal structure (Ferguson, Gallagher, Glidewell & Zakaria, 1993) .
The extent and nature of the hydrogen bonding in ferrocenyl monoalcohols of the type [(CsHs)Fe(CsH4)]-CR'R"OH is clearly not a function solely of the steric demands about the central C atom, as appears to be the case in, for example, the series (Ph)x(PhCH2)a-xCOH (Ferguson, Gallagher, Glidewell, Low & Scrimgeour, 1992; Ferguson, Gallagher, Glidewell & Zakaria, 1994) . Hence, in order to assess further the effects on the hydrogenbonding patterns in the crystal structures of ferrocenediols by the changes in substituents at the central C atom, we have determined the structures of 1, l'-diphenyl-1,1 '-( 1,1 '-ferrocenediyl)diethanol,
[Fe{(CsHa)C(Ph)MeOH}2] (I) crystallizes in the centrosymmetric space group C2/c with two independent half molecules in the asymmetric unit; both Fe atoms lie on a crystallographic twofold axis. The molecules are hydrogen bonded to form a dimeric structural motif with graph set R~(8) (Fig. 1) Within any dimeric aggregate, all four stereogenic centers are of the same chirality, R or S; but, related to any such dimer by the action of a center of inversion is another dimer where all four stereogenic centers have the opposite chirality, S or R. Hence, each dimer is formed either from two RR molecules or from two SS molecules; no RS (or SR) molecules are present, so that (I) represents the racemic (threo) rather than the meso (erythro) form. 1H and 13C NMR studies of the crude mixture from the reaction of 1, l'-diacetylferrocene with phenyllithium showed the presence of only a single diastereoisomer; thus the R or S configuration of the first-formed stereogenic center in this reaction determines completely the stereochemical course of the formation of the second stereogenic center. Within each dimer (whether formed from RR or from SS molecules), the positional disorder of the hydroxyl H atoms demands that the hydrogen bonds describe either a clockwise or a counter-clockwise pattern, as found previously for [Fe{(CsHa)CPh2OH}2] (III) (Ferguson, Gallagher, Glidewell & Zakaria, 1993) . There are thus two forms, present in equal numbers, for both the RR dimers and the SS dimers, generating a total of four different types of dimeric aggregate within the crystal structure of racemic (I). The Fe--C bond lengths in (I) are in the range 2.029 (2) The phenyl-ring orientations in molecules A and B are almost normal to the ferrocene system with C 11A--C15A--C1A--C31A -85.0(2) and CllB--C15B--C1B--C31B -84.0 (2) °. In molecule A, the phenyl ring is oriented so that it is almost parallel to the exocyclic C15A--C1A bond [C15A--C1A--C31A--C32A -174.8 (2)°], whereas in molecule B, the phenyl ring is normal to the C15B--C1B bond [C15B--C1B--C31B--C32B 85.4 (2)°]. Presumably the different phenyl-ring orientations in molecules A and B allow better intermolecular packing. The C15A--C1A--C31A and C15B--C1B--C31B angles are different [111.1(2) and 108.6 (2) °, respectively] as a result of repulsion between the ortho H(36A) and C15A (H...C 2.46 A). The other three corresponding O--Csp 3 --Csp 3 angles in A and B are identical with differences < 0.3 (2) °. The ferrocene moieties of (I) are almost normal to one another; the angle between the C5 symmetry axes of the ferrocene moieties is -84.5 ° (Fig. 1) [51.9 ° in (III)]. In the crystal lattice, the contacts between dimers correspond to normal van der Waals interactions.
The asymmetric unit of 1,1'-(1, l'-ferrocenediyl)diethanol (II) consists of a single molecule, in which the two stereogenic centers have the same chirality; these molecules form centrosymmetric hydrogen-bonded dimers with fully ordered hydroxyl H atoms and graph set R4(8), (Fig. 3 ). There is thus only one type of dimer in the crystal structure, as opposed to four in the crystal structure of (I). Each dimer is made up from one RR molecule and one SS molecule [in the crystal structure of (I), the RR and SS molecules occur in different dimers]. Since there are no RS (--SR) molecules in the crystal of (II), this diastereoisomer is the racemic rather than the meso form.
[Fe(CI3Ht30)2] AND [Fe(C7H90)2] Crystals produced in precisely the same manner as those of (II) and having an identical melting point were assigned the meso configuration by Yamakawa & Hisatome (1973) ; the basis for this assignment is uncertain, but it is clearly incorrect. Within the dimeric aggregate of (II), the O.-.O distances are 2.778 (2) (2) ,~ and the range and mean of Car--Car bond lengths for both rings [1.414 (2)-1.428 (2), 1.423 (2),~ and 1.412 (2)-1.428 (2), 1.422 (2) A, repectively] are similar to those in (I). The interplanar angle between the cyclopentadienyl planes is 1.1 (1) ° and these rings are within 6.8 (1) ° of being eclipsed. The conformation adopted is such that the exocyclic Cw3 atoms are rotated about a line joining the ring centroids through 65.8 (1) ° from an eclipsed conformation. The Csp3 atoms C 1A and CIB are displaced 0.091 (3) and 0.065 (3),4, from the. plane of their respective C5 rings, away from the Fe atom. As the dimeric aggregate is centrosymmetric, the two ferrocene systems are precisely parallel.
There is no solvent of crystallization present in either of the lattices and an examination of the crystal structures using PLATON revealed no potential volume for any solvent molecules.
Shubina and co-workers in a series of papers (Shubina, Epstein, Yanovsky, Timofeeva, Struchkov, Kreindlin, Fadeeva & Rybinskaya, 1988; Shubina, Epstein, Timofeeva, Struchkov, Kreindlin, Fadeeva & Rybinskaya, 1991; have studied the hydrogen bonding in a series of metallocenylcarbinols, primarily by infrared spectroscopy. In addition to bands assignable to OH...O hydrogen bonds, other spectral features in the OH stretching region have been observed; both ~..,~C2A (Ferguson, Gallagher, Glidewell & Zakaria, 1993) , it is possible that there are weak O--H...Ccp interactions (Table 2) . OH.-.M interactions have also been inferred from a number of independent X-ray crystallographic studies (Lecomte, Dusausoy, Protas, Moise & Tirouflet, 1973; Struchkov, Batsanov, Toma & Salisova, 1987; Shubina, Epstein, Slovokhotov, Mironov, Stuchkov, Kaganovich, Kreindlin & Rybinskaya, 1991) In the dimeric units in each of the diols (I), (II) and 1,1'-ferrocenediylbis(diphenylmethanol) (III) (Ferguson, Gallagher, Glidewell & Zakaria, 1993) , as well as in the dimers of ferrocenyl(diphenyl)methanol (Ferguson, Gallagher, Glidewell & Zakaria, 1993) and 1,1 pbis(ferrocenyl)-2,2'-dimethylpropan-2-ol (Sharma, Cervantes-Lee & Pannell, 1992) , the hydrogen-bonded array of hydroxyl groups is always essentially planar, as is generally true of such arrays; however, a folded hydrogenbonded dimer based on an R~(10) motif, with a fold angle of 101 o, has been described recently (Perkins, Setchell & Williams, 1993 ) and appropriate molecular design should be capable of generating such structures within the electroactive ferrocene series.
Experimental Compound (I)
Crystal data 
Compound (II)
Crystal data 1, l'-Diphenyl-1,1'-(1, l'-ferrocenediyl)diethanol (I) was obtained from the reaction of 1, l'-diacetylferrocene with phenyllithium; crystals were grown by slow evaporation of a solution in hexane. 1,1'-( 1, l'-Ferrocenediyl)diethanol (II) was synthesized as a diastereoisomeric mixture (m.p. 342-343 K) by lithium aluminium hydride reduction of 1,1'-diacetylferrocene; fractional crystallization from hexane (Yamakawa & Hisatome, 1973) provided (II) (m.p. 372-373 K), characterized as a single diastereoisomer by ~H and 13C NMR spectroscopy. Single crystals were grown by slow evaporation of a solution in hexane.
The systematic absences for (I) (hkl absent if h + k --2n + 1, hOl absent if I = 2n + 1) allow the space group to be either C2/c or Cc; the former was assumed and confirmed by the analysis. The space group for (II) was determined unambiguously from the systematic absences (hOl absent if l = 2n + 1, 0kO absent if k = 2n + 1) as P21[c. In both structures, the H atoms attached to the C atoms were clearly visible in difference maps and were positioned on geometric grounds (C--H 0.95 ,~,); they were included as riding atoms in the structure-factor calculations. The hydroxyl H atoms [disordered equally in (I) over two sites] were included in the structure-factor calculations at the positions obtained from difference maps. The thermal parameters of all H atoms were refined. Data collection: CAD-4 Software (Enraf-Nonius, 1989 ). Cell refinement: CAD-4 Software. Data reduction: NRCVAX DATRD2 (Gabe, Le Page, Charland, Lee & White, 1989 ). Program(s) used to solve structure: NRCVAX SOLVER. Program(s) used to refine structure: NRCVAX LSTSQ. Molecular graphics: NRC VA X; ORTEPII (Johnson, 1976) ; PL U-TON . Software used to prepare material for publication: NRCVAX TABLES.
GF thanks NSERC Canada for Research Grants; CMZ thanks the Committee of Vice-Chancellors and Principals (UK) for support. The anion is different from that found in (BEDT-TTF)4 [HgBr4] .TCE (TCE = 1,1,2-trichloroethane) (Bu, Coppens & Naughton, 1990) Fig. 1 . The unit-cell packing diagram viewed along the h axis. Thermal ellipsoids arc drawn at the 50% probability level. The THF molecule is omitted. b Fig. 2 . The unit-cell packing diagram viewed along the a axis. Thermal ellipsoids are drawn at the 50% probability level. Only the BEDT-'Iq'F molecules are shown.
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